Little is understood about the patterns and trends in adolescent and adult beverage intake in Mexico or most other countries.
Introduction
One of the most rapid shifts in the prevalence of overweight, obesity, and type 2 diabetes mellitus in the world over the last decade has been observed in Mexico (1) . Rates of change for obesity were the fastest documented globally; linked with this has been a major increase in diabetes mellitus mortality-greater than that found among U.S. Mexican-Americans (2, 3) . Nutrition-related noncommunicable diseases (NR-NCD) 5 are the major health problems facing Mexico today, as concerns of undernutrition have faded into localized targeted subpopulations (4, 5) .
While there are many reasons for this increase in NR-NCD, energy imbalance linked with the shift in sources of energy and total energy intake is important. Industry data reports that Mexico is the second largest consumer of soda in the world; .16 billion liters were consumed in the country in 2005 (6) . Mexicans consume more Coca-Cola per capita than Americans and Argentines (7). Other energy-containing beverages such as ''aguas frescas'' (water flavored with fruits or other natural flavors such as lemon or infusions with added sugar) and full-fat milk are also widely consumed.
As shown in several meta-analyses and reviews of the role of sugar-sweetened beverages (SSB), increased intake is associated with higher energy intake, weight gain, obesity, and diabetes (8) (9) (10) . Most of this research has focused on the effects of soft drinks and fruit drinks. A few studies found that fruit juice has the same effect (11, 12) . Other metabolic effects are much less frequently studied (13, 14 ; K. J. Duffey, P. Gordon-Larsen, D. R. Jacobs Jr, L. Steffen, and B. M. Popkin, unpublished data).
Although there is a growing consensus that there is a lack of adequate energy compensation for modification of energy intake via fluids, we do not understand the exact mechanisms, other than all beverages have a weak satiety value. The work of Mattes et al. (15) (16) (17) (18) , showing that low satiety value and lack of energy compensation is linked to energy-containing beverages, has spurred scholars to look at the overall beverage intake patterns and their health effects (19) . In the United States, .21% of all energy consumed is obtained from beverages. Overall intakes of energy-containing beverages increased by 217 kcal/d 6 over the past 30 y in the United States (20, 21) .
Although there has been a perception that very large amounts of not only SSB but of all energy-containing beverages consumed in Mexico play a major role in its obesity and diabetes epidemic, little is known about the beverage consumption patterns in this country. The objective of this analysis was to utilize nationally representative data from Mexico to determine adolescents' and adults' beverage intake patterns and trends of not only SSB but of all energy-containing beverages.
Methods
This article utilized secondary data, mainly from the Mexican Nutrition Survey 1999 (MNS-99) and the Mexican Health and Nutrition Survey 2006 (MHNS-06). These were collected by the National Institute of Public Health group in Mexico. The Institutional Review Board of the National Institute approved data collection and provided expedited approval for use of these secondary data for this article.
Beverage intake (MNS-99 and the MHNS-06). We analyzed the MNS-99 and the MHNS-06 to determine beverage intake in Mexico; both were national, cross-sectional, multi-stage, stratified surveys representative of the country. The MNS-99 was conducted between October 1998 and March 1999 and the MHNS-06 was conducted between October 2005 and May 2006. Both surveys had sampling power to disaggregate data into urban (population .2500 inhabitants) and rural (population ,2500 inhabitants) areas. The objective of these surveys was to characterize the nutritional status as well as the food and nutrient patterns of the Mexican population. Due to budget restrictions, the MNS-99 collected information only for women of reproductive age (12-49 y) and children, whereas the MHNS-06 collected information regarding children as well as both men and women of all ages ($19 y). A detailed description of the sampling procedures, survey methodology, and descriptive statistics of the data has been published elsewhere (22, 23) .
The MNS-99 used a single 24-h dietary recall for women and children (24) , whereas the MHNS-06 used a semiquantitative FFQ, including 101 foods and 14 food groups. From these food items, a total of 17 beverages were recorded-13 sweetened and unsweetened beverages (such as tea, coffee, juice, atole, and alcoholic beverages) and 4 types of milk. This instrument collected information about food intake for the previous 7 d in a subsample of ;16,100 households representative of the country, country regions, urban and rural areas, and states. Dietitians collected both sets of data and converted food consumption data into g or mL. 7 The Mexican Household Income and Expenditure Surveys. We used household-level data from 3 cross-sectional Mexican Household Income and Expenditure Surveys (MHIES) conducted in 1989, 1998, and 2006 by the National Institute of Geography, Informatics and Statistics. These contained nationally representative information of ;12,000-20,000 households and their members at each wave. Information about households' daily expenditures and prices of items were collected for 1 wk using diaries and verification with receipts. From these data, different types of beverages purchased by households were used as proxies for beverage intake.
For each household member, the individual adult equivalent was obtained by dividing the recommended dietary allowance (RDA) for energy of each household member, according to the specific age and sex, by the average energy RDA for an adult (i.e. 2550 kcal) (25) . The sum of all individual adult equivalents currently living within a household was computed to obtain the household adult equivalent. The estimated quantity consumed by the adult equivalent was derived by beverage type to analyze trends during the period (4, 5) . These data allowed us to determine expenditures for milk and soft drinks and to use the reported prices for these items, in combination with household income, to examine the income and price elasticities for these beverage products.
Socioeconomic measures. A socioeconomic status (SES) index was developed using a combination of household conditions (i.e. flooring material, ceiling, walls, and number of persons residing in the household), basic services infrastructure (i.e. water source and disposal), and possession of domestic appliances (i.e. radio, television, and refrigerator ownership) (26) (27) (28) . This approach was used to create a comparable SES index for the 1999 and 2006 surveys.
Regions. Data from 4 regions of Mexico were used in this study: 1) North (Baja California, Southern Baja California, Coahuila, Durango, Nuevo Leon, Sonora, Sinaloa, Tamaulipas, and Zacatecas); 2) Central (Aguascalientes, Colima, Guanajuato, Hidalgo, and Jalisco, Mexico excluding the municipalities that are part of the metropolitan area of Mexico City, Michoacan, Nayarit, Querétaro, San Luis Potosí, and Tlaxcala); 3) Mexico City (including the metropolitan area); and 4) South (Campeche, Chiapas, Guerrero, Morelos, Oaxaca, Puebla, Quintana Roo, Tabasco, Veracruz, and Yucatan). Data from these regions are widely used in Mexican epidemiological and government work for within-country comparisons (5, 29) .
Beverage classification. Our beverage groups are similar to those utilized by other scholars who categorize beverages based on energy intake and overall potential health benefits. Unfortunately, water and diet beverage intake data were not collected in the MNS-99. Nonetheless, we can measure, in depth, the following categories: 1) high-energy beverages, including sodas sweetened with sugar and other sugar substitutes (carbonated and noncarbonated), fruit drinks, sweetened tea and coffee, atole (a maize-based traditional beverage), alcohol, and other modern sweetened energy-containing beverages; 2) high-energy beverages with some benefit, including whole milk, flavored milk, natural (no sugar added) fruit juices and ''aguas fresca;'' and 3) lowenergy beverages, including unsweetened tea and coffee, nonfat and 1% milk, and nonnutritively sweetened diet beverages.
Statistical procedures. Arithmetic means and standard errors were calculated to describe beverage consumption in terms of volume (mL) and energy (kcal) using the MNS-99 and MHNS-06 data. Energy from other sources (i.e. food) was also calculated from each survey. To analyze differences of energy consumed from beverages, we estimated a Student's t test for independent samples of the log-transformed intake (from MNS-99 and MHNS-06). Sociodemographic factors were tested for differences using ANOVA with Bonferroni adjustment. All calculations were adjusted for the complex survey sampling design using the statistical software STATA (Stata Corp) (30); an a value , 0.05 was considered significant.
For the analysis of income and price elasticities using 3 waves of the MHIES data, separate estimations were made for 2 separate but related decisions: the decision to purchase and the conditional decision of the amount to purchase. This follows standard statistical procedures for eliminating biases when examining outcomes (e.g. consumption of milk or soft drinks) where there are large proportions of 0 consumers that can FIGURE 1 Daily high-and low-energy beverage consumption trends of Mexican adolescent (12-18 y) and adult women (19-49 y) in the MNS-99 and MHNS-06. 1 High energy beverages included mainly soft drinks, sweetened juices, aguas frescas, and alcohol; high energy-some benefit was mainly whole milk; low-energy beverages were slightly sweetened coffee and skim milk. 2 1 kcal ¼ 4.184 kJ. 3 Total beverage consumption in 1999 and 2006 differed (P , 0.05) using a Student's t test for independent samples, adjusting for the complex sample design. result in skewed distributions by using a survey-weighted, 2-part model to analyze consumption behaviors (31) . Two-part models were also useful in predicting actual outcomes based on observed data, such that a 0 did not represent missing data but was interpreted as a corner solution in consumer optimization.
The analysis pooled the 3 cross-sectional MHIES datasets (1989, 1998, and 2006 ) and used time interactions to estimate the income and price effects for specific years. It would have been preferable to conduct time series analyses, which would have allowed for error correlations, over time, across the same households. However, given the crosssectional nature of the data available, this was not possible. The 2-part model included a survey-weighted probit model using maximumlikelihood estimation in the first part to estimate the probability of consuming any of the particular beverage. The second part was a log-log survey-weighted ordinary least squares regression model on only the subsample of those who consumed a particular beverage. The 2 parts had the same specifications and included logged prices of a variety of beverages, time, adult equivalent, logged total food expenditure (as a proxy for income), whether the household was in an urban area, and interactions between logged soda or milk prices with time dummies, interactions between logged prices and logged total food expenditure, logged total food expenditure and time as control variables. These 2 parts of the model were estimated separately prior to deriving the unconditional elasticities and bootstrapped the standard errors.
We calculated own-price elasticities, cross-price elasticities of demand, and income elasticities of demand. Own-price elasticity defined as the percentage change in quantity demanded that occurs in response to a percentage change in price. This should be negative, because quantity demanded should fall as prices rise. If the absolute value of the estimated own-price elasticity is .1, demand is elastic and if it is ,1, demand is inelastic. Cross-price elasticity of demand is the percentage change in quantity demanded for the first good that occurs in response to a percentage change in the price of a second good. Goods with positive cross-price elasticities are considered substitutes and those with negative cross-price elasticities are considered complements. Examples of substitutes are coffee and tea, whereas coffee and milk can be complements. Income elasticity of demand measures the responsiveness of the quantity demanded of a good to the change in the income of the people demanding the good. We expect this income elasticity of demand measure to be positive, because beverages are likely to be normal goods, meaning that increased income causes a rise in the quantity demanded. If the income elasticity of demand for a normal good is ,1, it is a necessity good; if the elasticity of demand is .1, it is a luxury good. Stata version 9.0 was used in all analyses (32) . For ease of interpretation, we derived simulations on the amount of soda and milk purchased to estimate the effect of a 10% increase in the price of soda and a 10% increase in the price of milk on the average purchasing decisions. In addition, we derived predictions by income categories to understand the effect of such price changes for different groups of people.
Results
Trends in beverage consumption. When data from the MNS-99 and MHNS-06 were analyzed, the trends for consumption of the high-energy beverage group (including soft drinks, sweetened juices, and sugared coffee) more than doubled for adolescents (12-18 y; P , 0.001) and tripled for adult women (19-48 y; P , 0.001) in the 7-y period. In addition, increased consumption was observed in the beverage group defined as high energy (i.e. some benefit, which included unsweetened juice and whole milk) and a small decrease in the low-energy beverage group for both 1999 and 2006 (Fig. 1) . The net effect was more than a doubling in total energy consumed for 
Current detailed patterns of beverage consumption in Mexico. We used MHNS-06 data to describe the beverage consumption for Mexican adolescent (12-18 y) ( Table 1 ) and adult ($19 y) ( Table 2 ) populations. We used 3 separate measures: the overall mean intake of the total Mexican population (per capita average), the proportion of adults or adolescents consuming the given beverage, and (for those who consume this beverage) the contribution of the beverage per consumer only. For beverages, which were consumed by nearly all individuals, the amount per capita and per person did not vary; however, consumption did vary for others. A total daily mean per capita beverage consumption of 1543 mL for adolescents was reported on the FFQ (Table 1 ). Other sources of water (e.g. soups, vegetables, and fruits) were not included in this report. In adolescents, an estimated 20.1% of the total energy intake per capita came from beverages [12.7% from high-energy beverages and 7.2% from high-energy (some benefit] beverages), representing a total of 372 kcal per capita per day. High-sugar energy beverages were consumed by 97.4% of the adolescents and 80.1% reported soda consumption. Whole milk and soda were the beverages that contributed most to the per capita energy intake (6 and 5.3%, respectively). It is important to note that 4% of the adolescents reported alcohol consumption. Among consumers, 17.7% of their total energy intake, an average of 527 kcal/d energy, was obtained from alcohol.
For adults, a total mean per capita daily beverage consumption of 1721 mL was reported on the FFQ. An estimated daily per capita consumption of 411 kcal from all beverages was reported, representing a contribution of 22.3% to the per capita energy intake (Table 2) . A total of 94.4% of the adults reported consumption of high-energy beverages, representing 15.2% of the per capita energy intake. In this age group, alcohol intake was consumed by 15.5% of the population, contributing to 16.2% of the total energy intake among consumers. Low-energy beverages (i.e. diet soda, coffee or tea without sugar, and skim milk) were consumed by only 20.2% of the population (note that this low-energy beverage group consisted only of tea and coffee in 1999, because there was a small set of consumers of skim milk and diet soda in 2006; this was effectively a coffee and tea without sugar food group in 1999). Whole milk was consumed by 60.8% of the adults and represented 5% of the total energy intake. Sugared juice, flavored water with sugar, and juice without sugar contributed to over 6% of the total per capita energy intake.
When beverage consumption was stratified by sociodemographic factors in the adult age group, a higher per capita energy consumption from beverages was observed in urban than in rural areas (P , 0.001), in medium and high SES compared with low SES index populations (P , 0.001), in the North Country region than in Central, Mexico city and South regions (P , 0.001), and in males (P , 0.001). These differences were explained mostly by the consumption of high-energy beverages, although it is instructive to note the greater amount of alcohol consumed by men (P , 0.001) and by those residing in the North Country region compared with all other regions (P , 0.001). When the high-energy beverage groups were stratified by sociodemographic factors, the main contributors were soda, juice with sugar, and alcohol ( Table 3 ). The largest difference in beverage consumption was in that of alcohol between genders, which was 149.29 6 7.40 kcal/d in men and 16.14 6 1.70 kcal/d in women; P , 0.001). There were also distinct consumption patterns at various ages for all energy-containing beverages. The highest energy intake from beverages was observed in the 19-29 y and 30-39 y age groups than in the adult group . 50 y (P , 0.001) (Table 3) . However, it is important to note that these patterns were similar to total energy intake patterns and when we examined energy from beverages as a percentage of total energy intake, we found that the proportions were fairly constant at 22.2-22.9% across the age groups (data not shown).
Price and income elasticities. The pooled MHIES data showed that the proportion of households who purchased soda increased steadily between 1989 and 2006 (P , 0.01), similar to the proportion of households who purchased whole milk (P , 0.01) ( Table 4) . Across all households, the amount of soda purchased increased (P , 0.01), whereas the amount of whole milk purchased decreased from 1989 to 2006 (P , 0.01). These numbers differ from those reported in Tables 1 and 2 , probably because of the different data sources, as well as the sample frame of households rather than individuals. In addition, the MHIES data represent expenditures during a particular week of the survey rather than usual or typical purchases or consumption.
Analyses of the 3 MHIES cross-sectional datasets showed that price elasticities (defined as the percentage change in amount purchased related to a percentage change in price) changed over time ( Table 5) . Increasing elasticities for soda and sweet drinks (over time) suggest that there may be increased availability of different varieties of soda and sweetened drinks so that Mexicans became more sensitive to the price of these beverages. As expected, own-price elasticities were the strongest and were negative, meaning that the largest effect of price changes for soda was on the purchase of soda and the largest effect of price changes for whole milk was on the purchase of whole milk. These own-price elasticities were mostly ,1 (in absolute terms), suggesting that Mexicans were price inelastic, especially for whole milk. However, in the case of soda, (absolute) own-price elasticity increased and was estimated to be .1 by 2006. Soda and sweet drinks appeared to be complements and whole milk was a substitute (P , 0.05) ( Table 5 ). Many of the other crossprice elasticities were small. In terms of income elasticities, soda and whole milk both had positive income elasticities between 0.16 and 0.27 (P , 0.05 in all cases), suggesting they were considered normal and necessity goods (0 , income elasticity , 1).
Estimating elasticities helped determine the effect of changes in the price of soda and whole milk on the purchases of soda and milk. We found that among the MHIES sample, increasing the price of soda by only 10% might cause a decline in the amount of soda purchased by ;50 mL per capita per day ( Fig. 2A) with only a very slight effect on the increase in the amount of whole Therefore, a 10% increase in the price of soda is associated with buying ;1.5 fewer cans of soda per capita per week. Meanwhile, increasing the price of whole milk by 10% might cause a decline in buying whole milk by ;11 mL (or 7 kcal/d per capita) (Fig. 2B ) with a very small increase in the amount of soda that was purchased. A change in soda intake has a potential effect on energy intake. Moreover, the impact can be different depending on whether the household is poor or rich.
Discussion
This report analyzed the dynamics of beverage consumption among adolescents and adults in Mexico using recently collected nationally representative expenditure and nutrition surveys. SSB and other energy-containing beverages have been recognized as contributors to overweight and other NR-NCD. Analysis of SSB consumption in Mexico showed a clearly increasing trend in energy intake. Increased SSB consumption has been associated with increased weight and risk of obesity in the United States (8, 9) . Given that Mexico has a very high intake of energycontaining beverages, it is possible that these might represent an important contributor to the unprecedented increase in the obesity and NR-NCD epidemics currently taking place.
In the United States, the proportion of individuals consuming SSB increased from 61.4 to 76% between 1977 and 1996; the frequency of consumption (servings per day) and portion size also increased and the average total energy more than doubled (33) . In Mexico, the percentage of households consuming soda rose from 48 to 60% between 1989 and 2006. The percentage of overall daily energy intake from energy-containing beverages in Mexican adolescents and adults (22.5%) was higher than that in a nationally representative survey of the U.S. population (21%) (34) . Meanwhile, based on the MNS-09 and MHNS-06, energy There are important limitations in the results presented. In particular, examining trends in energy, or volume, obtained from beverages between the MNS-1999 24-h recall data and the MHNS-2006 FFQ was fraught with potential for error. Scholars often reported 24-h recalls utilized various probes in obtaining more detailed food intake data about snacks and other eating events outside a normal meal, but they tended to underestimate the intake of food items stigmatized by society (35) . In contrast, the FFQ often overestimated dietary intake; however, more recent, rigorous analyses found FFQ also underestimated energy intake (36) (37) (38) . Evidence of underreporting of energy intake has been documented with the 24-h recall and to a lesser extent with the FFQ; thus, the increase in consumption over time could be overestimated slightly by the methods even though real consumption was higher (39, 40) .
There were also problems with the data used for the income and price elasticity estimations. The MHIES was conducted at the household level; therefore, we did not have accurate information about the actual consumption patterns of individuals and had only purchasing information at the household level. Nonetheless, this was a very large survey, so the weekly snapshots of expenditures were likely to reflect Mexican household expenditures.
There are important policy lessons to be learned from this analysis. First, income elasticities for whole milk and sodas are positive, with a 1% increase in real income resulting in a 0.16-0.27% increase in the purchase of these beverages. As households' income increases with Mexico's development, the trend of increasing consumption of energy-containing beverages will not decrease without serious government interventions to stop increased consumption.
Second, the price elasticity of both whole milk and sodas was modest, but increasing, and indicates the potential for the use of price incentives to potentially affect soft drink and whole milk consumption patterns. Current Mexican agricultural policies do not provide major subsidies or taxes on any beverages.
Third, this research found that the real (deflated) price of various beverages decreased over time. Sources of price variation resulted in both supply side and demand side factors that worked simultaneously in determining prices. On the supply side, transportation costs varied depending on physical locations, trade regulations, and transportation infrastructures between beverage manufacturing, bottling, and points of sale (41) . Also, there were large differences spatially and increases over time in the options for purchase of beverages from tiendas to large chain stores. For instance, the proportion of pesos expended on supermarkets nearly quadrupled during the period between 1999 and 2006 (42) . Changes in the variable costs of raw inputs such as sweeteners, flavorings, and water were minimal, because the largest costs to beverage manufacturers were bottling, transportation, and marketing. On the demand side, increased advertising and marketing efforts (direct and indirect) over time may have resulted in increased demand for certain beverages, but again, these varied spatially.
Beverage intake in Mexico represents a large portion of total energy intake. Energy intake from beverages increased significantly from 1999 to 2006 whereas energy intake from nonbeverage food remained constant. Although the increase over time could be overestimated by the methods used in the 1999 and 2006 surveys, it is clear that consumption of energy-containing beverages is increasing. This finding is consistent with trends in expenditures observed in the income and expenditure surveys. The estimated price elasticities for soda showed that consumption could be affected in a relevant way by price changes.
These results are being used by the Mexican Beverage Guidance Panel established by the Minister of Health (43) . Based on this and related research, the Minister of Health and the Mexican Beverage Guidance Panel are actively considering ways to shift from whole milk to skim milk and to reduce overall consumption of sugar added to juice, soda, flavored water, and water plus juice. As part of their recommendations, they are actively considering taxation as one option to reduce the intake of whole milk and SSB (43) . The government has already made shifts in various welfare programs from distributing whole milk to distributing 1.5% milk, is working to do the same for the schools, and is considering other activities along with taxation to reduce energy intake from beverages in Mexico.
Globally, research similar to that conducted in Mexico has documented high levels of intake of energy-containing beverages in a limited number of countries, including the United States, Australia, and South Africa (11, 44, 45) . Elsewhere, we have observed large increases in added sugar available for consumption, measured by food disappearance data across all nations (46) . These studies and the potential impact of energy-containing beverages on total energy intake, obesity, and other NR-NCD provide ample evidence that research on this topic is needed in other countries during all stages of development.
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